INDUSTRIAL TRUCK WITH A STABILIZING DEVICE 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to an industrial truck having a 
stabilizing device to increase the stability of the truck. 

2. Technical Considerations 

When industrial lift trucks, and in particular counterbalanced fork lift 
trucks, are operated incorrectly or are used for purposes other than those for which 
they were designed, the vehicle may tip over sideways, in which case the driver 
could be seriously injured or even killed. Industrial trucks can also tip over 
forward, e.g., in the event of sudden braking when the load is raised. Finally, there 
are also critical operating conditions in which the rear axle, i.e., the steering axle, 
could lift up when the brakes are applied. Therefore, attempts have been made to 
increase the stability of industrial trucks and/or to emit alarm signals in the event 
of unsafe operating conditions. 

For example EP 0 891 883 Al describes a generic industrial truck in 
which the load status is monitored by means of various sensors, and in which the 
steering axle, which is in the form of a floating or swing axle on the rear end of 
the truck, is locked (hydraulic stop) in certain operating conditions to increase 
stability. The load status is monitored by a load height sensor which measures the 
height of the load-holding device, a load sensor which measures the hydraulic 
pressure of the lifting cylinder, a load inclination sensor which measures the 
inclination of the tilting cylinder and thus of the lifting mast, a steering angle 
sensor which measures the deflection or angle of the steered wheels, and a speed 
sensor. This construction is technically quite complex and may not achieve the 
desired effect of increasing stability under all operating conditions. 

Therefore, it is an object of the invention to provide an industrial 
truck of the type described above that has a stabilizing device with a simple 



construction to increase stability and that makes it possible to stabilize the 
industrial truck under almost all operating conditions. 

SUMMARY OF THE INVENTION 

The invention teaches that a plurality of wheel load sensors, 
preferably one for each wheel, that are configured to measure the wheel load are 
connected to a monitoring device which controls the load lifting system and/or the 
drive system in an open-loop or closed-loop control system. The lifting and drive 
actuator mechanisms are also to be considered as included in the above named 
lifting and drive systems. 

The invention takes advantage of the fact that when static and 
dynamic tipping loads are exerted on the industrial truck, the wheels located in the 
direction of the tipping are subjected to a higher load and the wheels located on the 
opposite side are subjected to a lower load. When the truck tips over, the wheels 
opposite to the direction of tipping are lifted up. To determine the transverse 
tipping forces on a counterbalanced fork lift truck, for example, all that is 
necessary is to measure the wheel loads of the front wheels and compare them with 
each other. The information obtained can then be used to control the drive traction 
system of the industrial truck and/or the load elevation system in a closed-loop or 
open-loop control system. The term "drive traction system" is used here to 
generally identify all the systems on the truck that correspond to the drive train, the 
brakes and the steering system. 

For this purpose, the monitoring device is effectively connected with 
actuator units for the inclination of a lifting mast and/or the height of the load 
and/or the truck speed or acceleration and/or the braking intensity and/or the 
steering angle. It is also possible, of course, to influence additional variables that 
are relevant for static and dynamic stability, such as the steering speed, for 
example. 



The invention also teaches that it is particularly advantageous if wheel 
load sensors are provided on all the wheels. In that case, not only transverse 
tipping forces but also longitudinal tipping forces and tipping moments can be 
measured. Sensors on all the wheels also provide additional information in the 

5 form of the load being lifted as the sum of the individual wheel loads. 

If at least one wheel on each side of the front axle has at least one 
wheel bearing that has an integrated wheel load sensor, the effort required to 
measure the wheel loads is minimized, because no special force transducers are 
necessary. Wheel bearings with an integrated wheel load sensor are called "load- 

10 sensing bearings" and suitable examples are described, for example, in EP 0 637 

734 A, herein incorporated by reference. It is also possible, however, to use other 
conventional wheel load sensors to determine the wheel load, such as sensors that 
measure the proximity to the road or floor (the distance to the road or floor 
decreases as the wheel load increases), by means of which the wheel load can be 

15 measured indirectly. 

The monitoring device is preferably equipped with an evaluation unit 
which is configured so that it can determine or calculate the transverse tipping 
forces and/or longitudinal tipping forces and/or the load moment and/or the load. 
For example, from the difference between the wheel loads on the front axle, such 

20 an evaluation unit can generate a signal that represents the magnitude of the 

transverse tipping forces. The difference between the front and rear wheel loads 
is representative of the longitudinal tipping forces. Under static conditions, this 
difference is representative of the moment load on a fork lift truck, i.e., of the 
moment around the front axle exerted by the load. By comparing the sum of the 

25 wheel loads on both the unloaded vehicle and on the loaded vehicle under static 

conditions, it is possible to determine the weight of the load being carried. 
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If at least two wheels, preferably on the same axle, each have a 
speed-of-rotation sensor, the evaluation unit provided in the context of the 
monitoring device can be used to determine both the speed of travel of the 
industrial truck as well as its steering radius and the steering angle of the steered 
wheel. 

As a function of the tipping forces determined, the speed of travel or 
the wheel angle can be limited, or other suitable stabilization measures can be 
taken. The steering radius of the industrial truck of the invention can thereby be 
determined from the difference between the speeds of rotation of the wheels on the 
different sides of the industrial truck. 

In this context, the invention teaches that it is advantageous if each 
wheel sensor is integrated into a wheel bearing. 

In an additional improvement of the invention, the monitoring device 
is connected to a display unit for the load and/or the load moment and/or the 
vehicle speed or acceleration and/or the turning radius and/or the tipping forces. 
In this manner, the driver can always be informed of the operating status of the 
industrial truck and can take action to counteract a hazardous operating condition 
in its early stages, or can at least prepare himself to react to it. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Additional details and advantages of the invention are explained in 
greater detail below with reference to the exemplary embodiment that is illustrated 
in the accompanying figures, in which: 

Fig. 1 is a side view of an exemplary counterbalanced fork lift truck 
of the invention; 

Fig. 2 is an illustration of the stability triangle/stability rectangle and 
the location of the wheel load sensors for the truck of Fig. 1 ; 

Fig. 3 is a head-on view of the fork lift truck of Fig. 1; and 

Fig. 4 is a schematic diagram of a stabilizing device of the invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 
In the exemplary embodiment shown in Figs. 1 and 3, the industrial 
truck of the invention is in the form of a counterbalanced fork lift truck with a 
front lifting mast H and a load holding device L. There is an axial force F v on the 
front axle and an axial force F H on the rear axle, whereby F v is generally 
significantly greater than F H , if a correspondingly heavy load is located on the load 
holding device L. 

Fig. 2 shows the stability triangle and the stability rectangle for the 
truck of Fig. 1. The stability triangle on counterbalanced fork lift trucks is 
independent of whether the vehicle has three wheels or four wheels. On three- 
wheel trucks, a swivel-pin or single pivot is used as the rear axle, and on four- 
wheel trucks, a floating or swing axle is used. (The expression "three-wheel" as 
used herein also includes trucks that have tandem wheels on the single pivot.) In 
all cases, the stability triangle A-B-C is formed by the front support points A and 
B on the wheels 1 and 2 and the rear axle suspension point C of the floating or 
swing axle. In the transverse direction, therefore, the industrial truck will initially 
tip along the line B-C or A-C. If the floating axle comes into contact on one side 
against a stop or if its floating or swing movement is blocked, the tip C of the 
stability triangle A-B-C is shifted toward the support points C 3 or C 4 on the wheels 
3 or 4, respectively. The further tipping of the industrial truck in the transverse 
direction is then determined by the line B-C 3 or A-C 4 . 

In the longitudinal direction, the industrial truck can tip forward 
around the axis A-B, for example, if the load is very heavy and the truck is braked 
suddenly. 

On at least one wheel 1, 2, 3 and 4, preferably on each wheel 1, 2, 
3 and 4, there is a wheel load sensor R 1? R 2 , R 3 and R 4 , respectively. These wheel 



load sensors are preferably integrated into the corresponding wheel bearings (such 
bearings are known as "load-sensing bearings"). Other types of sensors can also 
be used as wheel load sensors, e.g. conventional floor or ground proximity sensors, 
for the determination of the axial forces. At least two wheels, preferably the 
wheels on one axle, e.g., the wheels 1 and 2 or the wheels 3 and 4, may also have 
individual speed-of-rotation sensors S u and S G , respectively, which can also be 
integrated into the wheel bearings. 

As shown in Fig. 4, the wheel load sensors R 15 R 2 , R 3 and R 4 as well 
as the speed-of-rotation sensors Sj and S G are connected, e.g., electronically 
connected, to a monitoring device 5 which contains an evaluation unit 6, such as 
a computer or similar device. The monitoring device 5 is connected, e.g., 
electronically connected, to the load lifting system 7 and the traction drive system 
8 (the latter also includes the braking device and the steering device) of the 
industrial truck. 

The transverse tipping forces and/or the longitudinal tipping forces 
and/or the load moment and/or the load are determined or calculated by the 
evaluation unit 6 based on the wheel loads sensed by the wheel load sensors. This 
arrangement takes advantage of the fact that when static and dynamic tipping loads 
are exerted on the industrial truck, a greater load is applied to the wheels in the 
direction of the tipping and a lesser load is applied to the wheels on the opposite 
side. During tipping, the wheels in the direction opposite to the tipping are 
elevated. To determine the transverse tipping forces of the counterbalanced fork 
lift truck, for example, it is sufficient to measure the wheel loads F V1 and F v2 of 
the front wheels 1 and 2, respectively, and compare them to each other (see Fig. 
3). From the difference between the wheel loads F V1 and F v2 a signal may be then 
determined by the monitoring device 5 that represents the magnitude of the 
transverse tipping forces. The difference between the front and rear wheel loads 



is representative of the longitudinal tipping forces. Under static conditions, the 
latter difference is representative of the moment load on a fork lift, i.e., of the 
moment exerted by the load around the axis A-B. The weight of the load being 
carried can be determined by comparing the sum of the wheel loads on an unloaded 
and loaded lift truck, both under static conditions. The evaluation unit 6 can also 
determine both the speed of travel of the industrial truck of the invention as well 
as its steering radius or the wheel angle of the steered wheel. The steering radius 
of the industrial truck of the invention is thereby determined from the difference 
between the speeds of rotation of two wheels, preferably the wheels on the same 
axle. 

On the basis of the data that describe the status of the industrial truck 
determined by the evaluation unit 6, the monitoring device 5 can be used to control 
and/or regulate the actuator units (which can be supplemented or replaced, as 
necessary, by the actuator mechanisms or control units) of at least one operational 
system of the truck, e.g., to control the inclination of the lifting mast H and/or the 
height of the load and/or the speed or acceleration of the truck and/or the braking 
intensity and/or the steering angle to counteract the tipping force. For example, the 
speed of the truck or the wheel angle can be limited as a function of the tipping 
forces measured, or other suitable measures to stabilize the truck can be taken. 

The monitoring device 5 can also be connected to a display unit 10 
for the load and/or the load moment and/or the truck speed or acceleration and/or 
the turning radius and/or the tipping forces. In this manner, the driver can always 
be informed of the operating status of the industrial truck, and can counteract or 
at least react to a hazardous operating situation at an early stage. 

Although the exemplary embodiment described above was described 
with reference to a counterbalanced fork lift truck, it is to be understood that the 
invention is not limited to use with such trucks. 



While the invention is described in detail herein, it will be appreciated 
by those skilled in the art that various modifications and alternatives to the 
arrangements can be developed in light of the overall teachings of the disclosure. 
Accordingly, the particular arrangements described above are illustrative only and 
are not limiting as to the scope of the invention, which is to be given the full 
breadth of the appended claims and any and all equivalents thereof. 



